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FOREWORD 
This  r epo r t  de sc r ibe s  w o r k  pe r fo rmed  by the  Life Sciences  Division of 
Technology Incorpora ted  under  C c n i r ~ c t  NAS 9-10826 fo r  the  Manned Space-  
c r a f t  Cente r  of the National Aeronaut ics  and Space Adminis t ra t ion,  K o u s t o l ~ ,  
Texas ,  dur ing the per iod  1 May 1970 to  30 Apr i l  1971. 
SUMMARY 
The  Life Sciences  Division of Technology Incorpora ted  ha s  conducted a r a t  
feeding p rcg ra rn  to  s tudy  growth  pa t te rns  i n  albino l abo ra to ry  r a t s  having 
balanced die ts  differing by the  p r e sence  of e i the r  oxidized o r  unoxidized fa t ,  
The  control  group r a t s  of both s e x e s ,  which w e r e  f ed  unoxidized l a rd ,  con- 
s i s ten t ly  gained m o r e  weight thandid  the  t e s t  group which a t e  the cxidized lipid 
diet .  The food consumption genera l ly  co r r e l a t ed  d i r ec t l y  with body weight 
gain. The m a l e  r a t s ,  of both the  t e s t  and con t ro l  g roups ,  a t e  m o r e  food and 
gained m o r e  weight than did the  f ema le s .  The con t ro l  m a l e s ,  with the  un- 
oxidized fa t  d ie t ,  a t e  about 870 m o r e  food than the  t e s t  m a l e s  with the oxidized 
f a t  diet ,  and gained 18% m o r e  weight. The  control  f ema le s  a t e  approx imate ly  
the  s a m e  amount  of food a s  the t e s t  f ema le s  and gained 9410 m o r e  weight.  
Necrops ies  revea led  i n t e r e s t i ng  group dif ferences .  The m o s t  impor tan t  w e r e :  
( 1 )  Card i ac  punctures  i n  the  t e s t  an imals  w e r e  v i r tua l ly  
imposs ib l e  due to excess ive  blood clotting. 
( 2 )  The  s e r o s a  of t he  abdominal  v i s c e r a  appeared  g r e a s y  in  t e s t  
an ima l s ,  while i n  the  con t ro l  an ima l s  'no such  unusual  obs e r -  
vations w e r e  made .  
Following d i ssec t ion  in  a n i t rogen  a tmosphe re ,  s amp le s  of t i s sue  f r o m  each  
r a t  w e r e  packaged under  n i t rogen  and f rozen  fo r  sh ipment  to  t he  Houston 
labora tory  of Technology Incorpora ted  f o r  analysis .  
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1. INTRODUCTION 
A control led feeding p r o g r a m  was pe r fo rmed  to de t e rmine  the  effects of 
oxidized v e r s u s  unoxidized l ipids,  i n  a n  o therwise  balanced diet ,  upon 
body weight and t i s s u e s  of a colony of l abora tory  r a t s .  Two hundred albino 
r a t s ,  of the  Char les  R i v e r s  COBS-CD s t r a i n ,  w e r e  housed individually in the 
vivar ium of the Life Sc iences  Division of Technology Incorpora ted ,  San Antonio, 
Texas .  The  colony was  divided into two groups,  a con t ro l  g roup  and a t e s t  group 
E a c h  group  contained fif ty m a l e s  and fif ty females .  
The  feeding p r o g r a m  began with 21 day  old r a t s .  The control  group was fed 
a control led,  balanced die t  containing unoxidized l ipid while the t e s t  g r o u p  
was admin i s t e r ed  the  s a m e  balanced die t  using oxidized lipid ra ther '  than 
unoxidized lipid. The t e s t  d ie t  d i f fered f r o m  the  con t ro l  diet  only i n  the 
oxidation of the l ipids.  Food  consumption was de te rmined  f o r  e ach  r a t  
._r. 
twice  weekly and body weight was  de t e rmined  once weekly. w a t e r  was 
avai lable  to  a l l  r a t s  a d  lib. 
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Thi r ty  t e s t  and t h i r t y  con t ro l  an ima l s  we re  s ac r i f i c ed  and nec rops i ed  a t  the 
end of one month. A s econd  group  of th i r ty  t e s t  and t h i r t y  con t ro l  an ima l s  
was  s ac r i f i c ed  and nec rops i ed  a f t e r  t h r ee  months  i n  the p rog ram.  The third 
group of fo r ty  t e s t  and f o r t y  con t ro l  an imals  was  s ac r i f i c ed  and necrops ied  
a f te r  s i x  months in  t h e  feeding p rog ram.  Blood and t i s sue  SS;T?F!P,S obtained 
f r o m  the r a t s  w e r e  ana lyzed  by, the  Analytical  Se rv i ce s  Labo ra to ry ,  Life 
Sciences  Division of Technology Incorporz ted ,  Houston, Texas .  
2. PROCEDURES 
2 .1  Housing 
The an ima l s  w e r e  housed i n  the environmental ly  control led v iva r ium 
a t  Technology Incorpora ted ,  San pntonio ,  Texas .  The t e m p e r a t u r e  
was  mainta ined a t  7 2 O ~  and the re la t ive  humidity a t  60%. N o r n l a l  
pe r iods  of light and d a r k  w e r e  provided. The r a t s  w e r e  caged in- 
dividually i n  tough, e a sy -  to-  c lean,  f ive s ided p las t i c  boxes with 
w i r e  l ids.  P r e s s e d  alfalfa was  provided f o r  bedding. Food loss  
f r o m  the dry-food feeding pots was  min imized  by fi t t ing adap t e r s  
to t h e  box l ids  to p reven t  over turning.  The  cages  w e r e  f i t t ed  with 
g lass  wate r ing  bott les.  Water  bott les w e r e  changed twice each  
week. The  cages  w e r e  changed and c leaned e v e r y  7-10  days .  
2. 2 Feed ing  and Weighing 
Twice a week each  rat of the  t e s t  group was  given a pre-weighed 
quanti ty of a balanced diet  containing oxidized l ipids.  S imi lar ly ,  the 
cont ro l  g roup  was  fed  with a balanced diet  containing unoxidized l ipids.  
As food consumption i n c r e a s e d ,  the pre-weighed quanti ty was  in- 
c r e a s e d .  The  body weight of each  r a t  was de te rmined  weekly,  
Table  I shows the die t  consti tuents and the amounts  u sed  in mixing 
one food batch. A 20 quar t  Hobar t  c o m m e r c i a l  food m i x e r  was  used  
fo r  combining t h e s e  ingred ien t s .  E a c h  of the t h r e e  batches  of 
oxidized l a r d  us  ed throughout the s tudy had a peroxide cumber of 26 5. 
TABLE I 
One Batch 
Dietary 
Constituent 
% of 
Diet 
Fzzno uizt 
per Batch 
Lard  t 
Casein 18.0 1632, 9 grn 
Sucrose 60. 0 5443, 1 grn 
Glycerol 1. 0 
L- Cys tine 
Salt Mix 
Vitamin Mix 1. 0 13, 78 gm 
The vitamin mix used was not diluted with sucrose.  It was calculated on the 
bas is  of the amounts of each vitamin p e r  100 g food'mix. The actual amount 
used was 154. 7 m g  vitamin m i x  p e r  100 gm food. Each batch of food equals 
8892. 17 g, ' therefore tke amount of vitamin mix  requi red  equals 13. 78 g, 
t Oxidized f o r  Tes t  Food; unoxidized f o r  Control Food. 
The vi tamin and s a l t  m ix tu re s  w e r e  p r epa red  accorctillg to the 
fo rmulae  indicated in  Tables  I1 and 111. The  vi tamin mix ture  
was p r e p a r e d  i n  conveniently s i zed  quanti t ies and r e f r i g e r a t e d  unti l  
r equ i red .  
2. 3 Necropsy 
A t  necropsy ,  e ach  an ima l  was  anesthet ized with e ther  and then 
weighed. Ca rd i ac  punctures  w e r e  subsequent ly  pe r fo rmed  or? each  
r a t ,  us ing a 5 c c  sy r inge  and a 20  gauge needle  r i n sed  in  570 sod ium 
c i t r a t e .  Approximately  4 m l  of blood w e r e  col lected f r o m  each  
r a t  i n  0. 3 ml of 38740 sod ium c i t r a t e  solution. Dissect ion was per- 
f o r m e d  in  a n i t rogen  a tmosphe re  to prevent  oxidation of the t i s sue  
s a m p l e s .  T h r e e  types  of t i s s u e  w e r e  collected f r o m  each  r a t ;  
l i ve r ,  white m u s c l e  (abdominals)  and r e d  musc l e  (gas  trocnernius i ,  
Each  s ample  w a s  s e a l e d  individually i n  a p las t i c  bag under  ni t rogen,  
The bags of t i s sue  w e r e  then f rozen  .and shipped,  i n  the f rozen  s ta te ,  
to  the Analytical  Se rv i ce s  Labo ra to r i e s  of Technology Incorpora ted  
i n  Houston, Texas  fo r  b iochemical  ana lys i s .  
T A B L E  I1 
V i t a m i n  M i x  
V i t a m i n  G r a m s  per 1 0 0  g food 
V i t a m i n  A 267 I U  l O . 6 8 x l 0 - ~  g 
V i t a m i n  i3 533 I U  3 13. 325 ug 
V i t a m i n  E (a t o c o p h e r o l )  0 .006  grn 
T h i a m i n e  H C L  0 .0005  grn 
P y r i d o x i n e  H C L 0 .0005  g m  
N i a c i n  0 . 0 0 4  grn 
C a l c i u m  P a n t o t h e n a t e  0 . 0 0 2  g m  
Cho l ine  c h l o r i d e  0 . 1  grn 
V i t a m i n  B 1 2  0 .000003  g m  
Ribof l av in  0 . 0 0 1  grn 
F o l i c  Ac id  0 .00055 gm 
B i o t i n  0 .00003  grn 
i- Inos i to l  . 0 4  gm 
TABLE I11 
Sa l t  Mix 
Compound P e r c e n t  Composition 
Calcium carbona te  CaC 0 35. 1400 3 
Cupric  Sulfate CuSO 5;; O 0,0477 4 L 
F e r r o u s  Sulfate FeSO 7H 0 4 2 
Magnesium Sulfate MgSO 4 
Manganese Sulfate MgSO 2H20  4 
Po ta s s ium iodid K I  
Po t a s  s i u m  phosphate Monobasic K H  PO4 2 
Sodium Chloride NaCl 
Zinc Sulfate Zn SO * 7 H 2 0  4 
Re fe r ence  U. S. Pha rmacope i a  XVII ,  1965, 862. 
3. RESULTS AND DISCUSSION 
Table  IV  shosvs pooled weight gains fo r  the r a t s  of each  group dur ing the p r o g r a m ,  
The control  an ima l s ,  with the  unoxidized fa ts  i n  the die t ,  gained m o r e  weight 
than did the  t e s t  an ima l s .  At the end of s i x  months ,  the  control  m a l e s  outweighed 
the t e s t  m a l e s  by 17. $70 and  the  con t ro l  f e m a l e s  outweighed the t e s t  f ema le s  
by 9. 270. F i g u r e  1 g raph ica l ly  i l l u s t r a t e s  the  weight gain data  of Table IV, 
The  a s t e r i s k s  indicate  the expected body weights a s  published by the  suppl ier  fo r  
th is  par t i cu la r  s t r a i n  of r a t s  a t  age  84 days.  F i g u r e  2 i l l u s t r a t e s  the food 
consumption a s  l i s t ed  i n  Table  V. The body. weights of the  m a l e s  and  f ema le s  
of the t e s t  and control  g roups  genera l ly  c o r r e l a t e  with food consumption.  
The  t e s t  and control  f ema le s  w e r e  shown to ea t  approximately  the  s a m e  amounts  
of food. However,  i t  i s  shown that  the con t ro l  m a l e s  had a s m a l l ,  but con- 
s i s ten t ly  h igher ,  food intake than the t e s t  ma le s .  By the  end of the  p r o g r a m ,  
the  con t ro l  ma le s  w e r e  eating m o r e  food than the  t e s t  m a l e s  and I. 8% m o r e  
than t he  two groups of f e m a l e s ,  whose in takes  w e r e  s i m i l a r .  
The nec rops i e s  of the r a t s  m e r i t  spec ia l  mention.  The nec rops i e s  of the f i r s t  
two t e s t  groups  of r a t s  r evea l ed  no  unusual  r e su l t s .  However,  when the final 
80 r a t s  w e r e  sacr i f i ced ,  s e v e r a l  s i tuat ions  w e r e  encountered which con t ras ted  
sha rp ly  with those  m e t  a t  the  f i r s t  two nec ropsy  s e s s ions .  Blood s ample s  w e r e  
v i r tua l ly  imposs ib le  to obtain f r o m  ca rd i ac  punctures  of the  t e s t  group.  The  
l a r g e s t  avai lable  needles  ( 2 0  gauge) w e r e  u s e l e s s  due to blood clott ing,  Even 
when the  thoracic  cavi ty  was  opened and the  exposed h e a r t  was  punctured, 'blood 
collection s t i l l  proved to  be  imposs ib le .  At tempts  to d r a in  pooled blood from the 

TABLE IV 
Rat Weight Ga in  
Date Weeks in  Tes t  Control * Test  Control 
P r o g r e s s  Female  Female  Ma1 e iMal e 
--- 
In i t ia l  42. 1 40. 8 44.3  43,O 
Weight : 4 1 . 4  44: 1 43.5  45, 3 
41. 9 44. 1 41. 8 42. 3 
10 Sept 70 2 
24 Sept 70 4 
28 Sept 70 F i n a l  
Final Weight 
Group I 
8 Oct 70 6 
22 Oct  70 8 
5 Nov 70 10 
19 Nov 70 12 
27 Nov 70 
F i n a l  
F ina l  
Weight - 
Group I1 
26 Nov 70 
10 Dec 70 
24 Dec 70 
7 Jan 71 
21 Jan 71 
4 Feb  71 
18 Feb  71 
1 M a r  71 
-Final 
Final 
Weight 
Group I11 

TABLE V 
Food Cons wnpt ion 
Date Weeks i n  T e s t  Control  T e s t  Cont ro l  
P r o g r e s s  F e m a l e  F e m a l e  Male M-a1 e 
4 Sept 70 1 47. 2 60. 1 49. 3 61. 8 
18 Sept  70 3 85. 1 -87.5 92. 2 5603, 7 
2 Oct  70 5 81. 7 82. 7 98. 2 105, 2 
16 Oct  70 7 92. 0 92. 0 112.6  118. 7 
30 Oct  70 9 99. 8 107.0 117. 1 1 3 0 - 8  
13 Nov 70 11 103.5 109.2 129. 7 l38,8 
27 Nov 70 13 108. 7 112.4  133.6 149,6 
11 Dec 70 15 108.6 108.1  117.5 146, 8 
24 Dec  70 17 105 .5  101.4  124. 5 143,5 
1 day l e s s  than 
8 J a n . 7 1  19 
22 J a n  71 21 
5 Feb  71 23 116.0 116.0 134.2 146, 7 
19 F e b  25 125. 7 117.2 144 .4  151.9  
t ho rac i c  cavity,  with a sy r inge ,  w e r e  a l s o  futile. The  pooled blood appeared  
to have a g r e a s e  f i l m  floating on i t s  s u r f a c e ,  which m a y  o r  m a y  not have been 
due to t i s sue  fluid contaminationof the blood, f r o m  the t r a u m a  of opening the 
chest .  The  blood s ample s  obtained w e r e  chiefly f r o m  the caudal  a r t e r y ,  and 
w e r e  probably contaminated with t i s sue  fluid. T h e s e  sa111p:es w e r e  v e r y  poor ,  
The  ce l l s  apparent ly  clotted and the s e r u m  was hemolyt ic .  The s e r u m ,  
however ,  showed no  apparen t  l ipemia.  Th is  p rob l em was not observed  i n  
the control  an imals .  Hea r t  punctures  w e r e  succes s fu l  in  the  con t ro l  an ima l s ,  
and  the blood did not appear  to  have any  oi ly  l ayer  floating on i t s  s u r f a c e ,  
The s e r u m ,  however ,  did s e e m  genera l ly  l ipemic  i n  th is  group.  
When the abdominal  cavi t ies  of t he  t e s t  an imals  w e r e  opened, the s e r o s a  
cover ing t he  v i s c e r a  appeared  oily. ~ h e r k  w e r e  vis ible  oil  d rop le t s  on the 
l ive r .  Otherwise ,  the  v i s c e r a  and the  l i ve r  had a n o r m a l  appea rance ,  except 
f o r  g r o s s  p a r a - r e n a l  and re t roabdomina l  f a t  deposi ts .  T h e r e  wer'e a l s o  
l a r g e  subcutaneous f a t  pads on t he  f lanks of the an ima l s .  The ma le s  w e r e  
f a t t e r  than t he  f ema le s  i n  th is .  
The  v i s c e r a  of the control  an ima l s  appea red  n o r m a l  except fo r  an  i n c r e a s e d  
deposit ion of fa t .  The control  an imals  s e e m e d  even f a t t e r  than the test 
an imals .  Among the  con t ro l  an ima l s ,  the  su r f ace s  of a few of the  l i ve r s  
z ~ p e z r e 2  paie and mottled.  Again i n  this  group,  the  m a l e s  w e r e  f a t t e r  than 
the  f ema le s .  
